Usefulness of Serum Calcitonin in Patients Without a Suspicious History of Medullary Thyroid Carcinoma and with Thyroid Nodules Without an Indication for Fine-Needle Aspiration or with Benign Cytology
be performed in hundreds of patients in order to detect one case of MTC exclusively by this method, and the risk of false-positive results are limitations of routine Ctn measurement in patients with thyroid nodules. The different position statements on this topic in current guidelines [1, 2, 5, 6] clearly demonstrate that more studies are desirable. The objective of this prospective study was to evaluate the usefulness of Ctn in subjects without a suspicious history of MTC and with nodular thyroid disease without an indication for FNA or with benign cytology, and without an indication for surgery.
Introduction

▼
In subjects with thyroid nodules, elevated serum calcitonin (Ctn) in the absence of another apparent cause raises the suspicion of medullary thyroid carcinoma (MTC), even when other data do not suggest this diagnosis. The usefulness of Ctn is consensual in patients with a suspicious history or cytology for MTC. Measurement of Ctn has also been recommended for patients referred for thyroidectomy [1, 2] . Thus, measurement of Ctn is more controversial in the case of subjects without a suspicious history of MTC and without an indication for surgery. Most of these patients have nonvoluminous nodules without an indication for fine-needle aspiration (FNA) or with benign cytology. It is exactly in these subjects that the finding of hypercalcitoninemia could radically modify management, from the expectant management to total thyroidectomy with cervical lymph node dissection [3] , and prevent delays in the diagnosis and treatment of MTC, increasing the chance of cure [4] . However, the cost of Ctn measurement (basal and after stimulation in some cases), which needs to ▼ This study evaluated the usefulness of serum calcitonin (Ctn) in subjects without a suspicious history of medullary thyroid carcinoma (MTC) and with nodular thyroid disease without an indication for fine-needle aspiration (FNA) or with benign cytology. This was a prospective study that evaluated 421 patients with nodular disease without an indication for FNA and 602 patients with benign cytology. Patients with basal Ctn > 10 pg/ ml were submitted to calcium stimulation testing. Patients with stimulated Ctn > 100 pg/ml were submitted to total thyroidectomy. Basal Ctn was < 10 pg/ml in 1001 patients (97.8 %). Among patients with basal Ctn > 10 pg/ml, 16/22 exhib-ited stimulated Ctn > 100 pg/ml. Two of these 16 patients had MTC. The 2 patients with MTC had undetectable basal Ctn 6 months after surgery. Using a cut-off of 30 pg/ml in women and 60 pg/ ml in men for basal Ctn, the 2 cases of MTC of our series would have been identified and there would have been no false-positive case. It should be noted that 14/16 patients with stimulated Ctn > 100 pg/ml were false-positive cases. Although uncommon, even subjects without a suspicious history and with nodular thyroid disease without an indication for FNA or with benign cytology can have MTC. The measurement of Ctn permits the diagnosis of these cases. Our results favor the hypothesis that basal Ctn could be superior to stimulated Ctn.
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Patients
First, patients with nodular thyroid disease consecutively seen by the first author (P.W.R.) were evaluated. Excluded were (i) patients with a family history of MTC or type 2 multiple endocrine neoplasia or a clinical suspicion of the latter; (ii) patients previously operated for thyroid carcinoma; (iii) patients who had only hot nodules on 131 I scintigraphy (performed on patients with low TSH); (iv) patients who had only purely cystic nodules; and (v) patients with known presence of kidney failure, hyperparathyroidism, neuroendocrine tumor, or lung cancer [7, 8] . Among the remaining patients, those without an indication for FNA (Group 1) or with benign cytology (Group 2) were included. Nodules that did not require FNA were: (i) hot nodules on 123 I scintigraphy (performed on patients with low TSH); (ii) purely cystic nodules; (iii) spongiform nodules < 2 cm; (iv) nodules without suspicious features (intense hypoechogenicity, microcalcifications, irregular margins, predominantly or exclusively intranodal vascularization, anteroposterior diameter larger than transverse diameter), and (a) hypoechoic solid or predominantly solid < 1 cm, or (b) iso-or hyperechoic < 1.5 cm, or (c) complex < 2 cm. Considering the objective of this study, patients with a surgical indication due to voluminous nodule(s) were not included.
Measurement of Ctn
Serum Ctn was measured in all patients. For Ctn measurement, the patients were asked not to consume alcohol for at least one week and to discontinue the use of proton pump inhibitors for at least 4 weeks [7, 8] . None of the patients had apparent bacterial infection or hypercalcemia at the time of measurement. The serum samples were obtained in the morning (at about 8:00 AM) after an 8-to 10-h fast and were analyzed immediately after collection. Patients with basal Ctn > 10 pg/ml underwent a calcium stimulation test [rapid venous infusion of 2.5 mg calcium/ kg in the form of 10 % calcium gluconate (10 ml/min)] [7] . Serum Ctn was measured before and 2, 5, and 10 min after calcium infusion [7] .
Management
Patients initially exempted from FNA, but with basal Ctn > 10 pg/ ml, were submitted to this procedure. Patients with stimulated Ctn > 100 pg/ml underwent thyroidectomy combined with elective dissection of the cervical lymph nodes (indicated exclusively based on the finding of hypercalcitoninemia [3] ). Ultrasonography (US) and Ctn were repeated after 1 year in patients with basal Ctn > 10 pg/ml and stimulated Ctn < 100 ng/ml.
Assay
Serum Ctn was measured by an immunochemiluminescent assay (Immulite, Diagnostic Products Corporation, Los Angeles, CA, USA), with a sensitivity of 2 pg/ml and reference values of up to 5 pg/ml for women and 8.4 pg/ml for men.
Sonography
Sonography was performed with a linear multifrequency transducer for morphological analysis (B-mode) and for power Doppler evaluation.
FNA
FNA was performed with a 22-gauge needle and a 5 or 10 ml syringe, and was guided by US fine-needle aspiration biopsy of thyroid nodules. The smears (cytology and histology) were analyzed by pathologists experienced in thyroid pathology.
Results
▼ Group 1 (patients without an indication for FNA)
A total of 421 patients (341 women and 80 men) ranging in age from 12 to 76 years (median 44 years) were evaluated. Basal Ctn was < 10 pg/ml in 413 patients (98.1 %). In the 8 patients with basal Ctn > 10 pg/ml, FNA performed exclusively based on the finding of elevated Ctn did not suspect malignancy. In the 2 patients with stimulated Ctn < 100 pg/ml and benign cytology who were not submitted to surgery, there was no increase in the size of nodules and basal Ctn was < 10 pg/ml after 1 year. MTC was excluded by histology in one patient with stimulated Ctn < 100 pg/ml and indeterminate cytology and in the 4 patients with stimulated Ctn > 100 pg/ml and benign cytology. One patient with basal Ctn of 81 pg/ml and stimulated Ctn of 1 070 pg/ ml had MTC; in this patient, basal Ctn was undetectable 6 months after surgery. The data of the patients of group 1 with basal Ctn > 10 pg/ml are shown in • ▶ Table 1 .
Group 2 (patients with benign cytology)
A total of 602 patients (482 women and 120 men) ranging in age from 12 to 78 years (median 48 years) were evaluated. Basal Ctn was < 10 pg/ml in 588 patients (97.7 %). Fourteen patients had basal Ctn > 10 ng/ml. Eleven patients with stimulated Ctn > 100 pg/ml were submitted to total thyroidectomy with elective dissection of the cervical lymph nodes and histology confirmed MTC in one patient and C-cell hyperplasia in 2 patients. Basal Ctn was undetectable in these 3 patients 6 Endocrine Care months after surgery. In the 3 patients with stimulated Ctn < 100 pg/ml who were not submitted to surgery, there was no increase in the size of nodules and basal Ctn was < 10 pg/ml (n = 2) or remained stable (n = 1) after 1 year.
• ▶ Table 2 shows the data of the patients of group 2 with basal Ctn > 10 pg/ml. Using a cut-off of 30 pg/ml in women and 60 pg/ ml in men for basal Ctn, the 2 cases of MTC of our series would have been identified and there would have been no false-positive case. It should be noted that 14 of our 16 patients with calcium-stimulated Ctn > 100 pg/ml were false-positive cases.
Discussion
▼
The present study only included subjects with nodular thyroid disease without an indication for FNA or with benign cytology, and without an indication for surgery. The need for Ctn is more controversial in this group. In fact, the usefulness of Ctn is consensual in patients with a suspicious history or cytology for MTC and its measurement has also been recommended for patients referred for thyroidectomy [1, 2] . In the patients evaluated in this series whose recommended management is expectant, the measurement of Ctn may have a greater prognostic impact since eventual MTC will only be diagnosed and treated in the case of tumor progression. In addition to the selection criterion of the patients, we highlight the fact that the study was prospective, the protocol used for the collection and processing of the samples for Ctn measurement, and the fact that stimulation testing was performed in all subjects with basal Ctn > 10 pg/ml and that histology was obtained from all patients with Ctn > 100 pg/ml. The American Thyroid Association [6] exempts FNA in the case of infracentimetric nodules, and sporadic microcarcinomas are therefore no longer diagnosed. However, the clinical impact of sporadic medullary microcarcinomas has been demonstrated by the significant rates of lymph node metastases, persistent disease, and distant metastases and death even in the case of immediate surgical treatment after diagnosis [9] [10] [11] [12] [13] . Some macrocarcinomas may also not be readily diagnosed. FNA is not necessary in the case of iso-or hyperechoic solid nodules < 1.5 cm or complex nodules < 2 cm without suspicious ultrasonographic features [6] , and 25 % of MTC exhibit this ultrasonographic appearance [14] [15] [16] . Even if FNA is performed, it is able to detect approximately one-half of MTC lesions [17] and approximately 10 % of MTC may have their cytology interpreted as benign [4, 16, [18] [19] [20] [21] . The measurement of Ctn permits to diagnose MTC in these situations (FNA not indicated or false-negative cytology), as observed in the 2 cases of the present series. Basal Ctn < 10 pg/ml renders sporadic MTC very unlikely [4, 7, 18, 22] . Traditionally, this diagnosis is suspected when basal Ctn > 10 pg/ml, but some authors recommend investigation for sporadic MTC only when basal Ctn concentrations are > 15 pg/ml [23] or > 20 pg/ml [22, 24] . At the other end, in the absence of an apparent cause (such as chronic renal failure, use of proton pump inhibitors, other known secretory tumors), basal Ctn > 100 pg/ml has a high positive predictive value (PPV) for MTC [4, 7, 18, 19, 22, 25] . Despite this traditional cut-off value, its reduction has been proposed by some authors since a very high PPV already exists for concentrations less than 100 pg/ml [24, 25] . For patients with mild or moderate hypercalcitoninemia, measurement of Ctn after stimulation (traditionally with pentagastrin) is recommended and stimulated Ctn < 100 pg/ml makes sporadic MTC unlikely. Although some studies have shown an excellent PPV of stimulated Ctn > 100 pg/ml [4, 18] , false-positive results have been reported frequently and higher cut-off values have been proposed [22, 25] .
In the present study, all 22 patients with basal Ctn between 10 and 100 pg/ml received venous infusion of calcium for the stimulation test. In countries where pentagastrin is not readily available, although its importation is possible, calcium can be used for stimulation testing. In addition to being a known stimulus of Ctn secretion, calcium may be better tolerated [26, 27] . However, calcium seems to be a more potent stimulus than pentagastrin [26, 28] , a fact leading to a larger number of false-positive results if the same cut-off were adopted and, consequently, to more unnecessary surgeries. Indeed, among patients with basal Ctn between 10 and 100 pg/ml who are exactly candidates for stimulation testing, all 5 men and 9/15 women without MTC had stimulated Ctn > 100 pg/ml, showing that this Ctn cut-off after stimulation with calcium seems to be low when the indication for surgery or extension of surgery is based exclusively on this finding. F  29  1  33  12  31  NA  M  50  1  28  14  156  CG  F  61  2  22 and 30  14  45  NA  F  35  4  8, 10, 12, 25  16  214  PMC + CG  M  38  1  17  17  170  FA  F  70 
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Some authors question the additional value of stimulated Ctn compared to basal Ctn [29, 30] and propose the latter to be sufficient, especially if the cut-off is adjusted for sex [30] . Using basal Ctn for the definition of management, many patients can be exempt from stimulation testing; in this series, approximately 2 %. Our results indeed favor the hypothesis that basal Ctn could be superior to stimulated Ctn. Using a cut-off value of approximately 30 pg/ml in women and 60 pg/ml in men as proposed recently [30] , the 2 cases of MTC of our series would have been identified and there would have been no false-positive case. It should be noted that 14 of our 16 patients with calcium-stimulated Ctn > 100 pg/ml were false-positive cases.
In patients with nodular thyroid disease and only moderately elevated Ctn, the measurement of Ctn in aspiration needle washout (FNA-Ctn) is an excellent alternative to stimulation testing, showing a sensitivity of 98 % [16, 31] . Compared to stimulation tests, FNA-Ctn has the advantages of greater ease of use, absence of adverse effects (related to pentagastrin or calcium), and lower cost. Moreover, false-positive cases are uncommon with this diagnostic test [16, 31] . Regardless of which is the best management for patients with only moderately elevated Ctn (define management based on basal Ctn, obtained stimulated Ctn, or obtained FNA-Ctn), we recognize that in the patients studied (with benign cytology or without an indication for FNA), each diagnosed case of MTC had a cost of approximately 500 measurements of Ctn. Although one should not minimize the costs that could be avoided with the early diagnosis and treatment of MTC [32] , the cost-effectiveness of routine Ctn measurement should be better analyzed and may be different in each country [32] . We conclude that measurement of Ctn may diagnose sporadic MTC even in patients without a suspicious history and with nodules without an indication for FNA or with benign cytology.
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